Circulating endotoxin was specifically precipitated from plasma samples withdrawn from three different animal species subsequent to parenteral injection of the toxin. Lipoprotein-positive staining and esterase activity were demonstrated on the precipitation lines formed in immunodiffusion, thus establishing the in vivo interaction of endotoxin with a plasma lipoprotein having esterase activity. Evidence was given to show that the intensity of this interaction in circulating plasma increased gradually with time. The concordance of this in vivo inter-action with the in vitro degradation and inactivation of endotoxin by plasma esterases is discussed.
In 1958, it was reported that normal plasma or serum from several mammalian species represented a potent source material for the detoxification of bacterial endotoxins (5) . This detoxifying potential was not realized, however, unless ionized cations were reduced to nonphysiological levels by the addition of chelating agents. The biological significance of such a humoral system in host defense against endotoxins seemed remote.
My interest in this problem was renewed some years later by the unexpected observation that endotoxin remained in the circulating plasma of mice for many hours after the administration of sublethal quantities (2, 4) . This observation has been extended to include the rabbit, where it was also found that toxicity and precipitability of endotoxin persisted in plasma for at least 6 hr after an LD25 dose (unpublished data). The continued presence of circulating endotoxin in both toxic and nontoxic form implies (i) that the rate of detoxification in the host is slow, and (ii) that detoxification can take place in circulating plasma (4 (1) . The final preparation was sedimented by ultracentrifugation to obtain a more homogenous product for immunodiffusion (2, 4) . A stock solution containing 2 mg/ ml of the ultracentrifuged pellet fraction was made up in saline. The preparation of the antiendotoxin serum used in this study is described elsewhere (3) .
Young adult mice, guinea pigs, and rabbits were used for the in vivo studies. Mice received 100 jug of endotoxin intravenously, and guinea pigs received 200 Ag by intracardiac injection. The majority of these animals were anesthetized 3 hr after injection of endotoxin and were bled from the heart into syringes containing small amounts of heparin. Blood samples were cooled and centrifuged, and portions of the resultant plasmas were put immediately into agar 2031 Vol. 95, No. 6 wells and diffused against the specific antiendotoxin serum. Immobilized rabbits received 1.0 mg of endotoxin by the intravenous route. Blood samples were taken via a cannulated femoral artery at several time intervals thereafter. Plasma samples were prepared for immunodiffusion experiments as described above.
Precipitation lines were developed in immunodiffusion during a 36-to 48-hr period at room temperature. The agar plates were then washed for 24 hr in a stirring bath containing a large volume of weakly buffered saline (pH 7.6). Washed plates were placed in an air stream and rapidly dried by repeated applications of filter paper to the agar surfaces. Dried agar ifims were subjected to a recent modification (3) of the method of Uriel (7) for determination of esterase activity on precipitation lines. The immunodiffusion patterns were stained according to published procedures (6) .
In an earlier article (3), it was reported that the incubation of 6"Cr-labeled endotoxin in vitro with human serum or a fraction thereof, resulted in the formation of an endotoxin-lipoprotein complex. This interaction, which occurred only in the presence of certain anions, was demonstrated by simple electrophoresis in agar and by immunoelectrophoresis and immunodiffusion techniques. In the latter instances, the interaction was demonstrated by the use of either antihuman serum or antiserum specific for the endotoxin. The utilization of antiendotixin serum in the present immunodiffusion experiments provided a simple and direct means by which to demonstrate the in vivo formation of an endotoxin-lipoprotein complex. In addition to lipoprotein staining, the specifically 
RESULTS
The following experiment was done to insure that lipoproteins present in the antiserum were not entrapped or bound to the precipitating endotoxin-antibody complexes during development of the immunodiffusion pattern. Endotoxin was incubated with a detoxifying fraction isolated from calf spleen and with guinea pig plasma containing 10-M sodium citrate. Two identical immunodiffusion patterns were made with these incubation mixtures (Fig. 1) . A stock preparation of uncentrifuged endotoxin possessing the major precipitating antigens A and C (4) was incubated in saline and included in the experiment. The pattern on the left (Fig. 1) was associated with the precipitated endotoxin, but only after incubation in plasma. Both A and C antigens were well-stained and showed the characteristic blue color. A faint gray coloration was noted on the precipitation lines formed opposite the upper two wells on the side of shortest diffusion distance. The reason for this is uncertain, although it may be related to the complexing of endotoxin with an esterase present in the spleen fraction: this fraction lacks detectable lipoproteins (to be published).
The interaction of endotoxin with guinea pig plasma lipoprotein is demonstrated in vivo and in vitro in the gel-diffusion pattern of Fig. 2 . The sudan black stain revealed the presence of lipoprotein on the precipitated A and C antigens of endotoxin in both experiments.
Esterase activity was demonstrated on the precipitated endotoxin lines prepared with in vivo plasma samples taken from six guinea pigs (Fig. 3) . Only weak enzyme activity was detected on precipitation lines made from plasma samples taken 15 min after the injection of endotoxin, whereas the esterase-endotoxin interaction was clearly evident in the 3-hr plasma samples.
The immunodiffusion pattern on the right in Fig. 4 lipoprotein-endotoxin interaction in plasma samples taken from eight mice 3 hr after administration of endotoxin. The gel-diffusion pattern on the left revealed that esterase activity was associated with the endotoxin precipitation arcs formed in each of the eight plasma samples. A time study of the in vivo interaction of endotoxin with rabbit lipoprotein (esterase) is presented in Fig. 5 . This interaction became more intense with time, as witnessed by a gradual increase in esterase activity and lipoprotein staining on the precipitated endotoxin lines.
DiscussIoN
The present results offer conclusive evidence that bacterial endotoxin will interact in circulating plasma with a lipoprotein having esterase activity. This finding strongly implicates the plasma detoxifying system as a functionally important host mechanism.
Previous in vitro results demonstrated that the endotoxin-lipoprotein complex was requisite for the degradation and inactivation of endotoxin (3) . Because the in vitro interaction is scarcely detectable in normal serum unless ionized calcium is lowered, there is good reason to suppose that a downward shift in plasma Ca++ occurred in animals after receipt of endotoxin. It is probable FIG. 4 . Immunodiffusion patterns prepared with plasma samples from a group of eight mice injected 3 hr previously with endotoxin. Each well received approximately 0.05 ml of a single plasma sample. The left-handpattern was tested for esterase; the right-hand pattern was separated and stained with sudan black.
